A cutaneous basophil hypersensitivity response has been observed in rabbits immunized with bovine serum albumin and challenged intradermally with this antigen 7 days later. The cellular response appears to be similar to cutaneous basophil hypersensitivity reported in guinea pigs and humans. A basophil response was also observed in rabbits immunized with Staphylococcus aureus and challenged with viable staphylococcal cells 7 days later. A method of observing basophil infiltration in rabbits by means of connective tissue spreads obtained from the subcutaneous connective tissue is described. The rabbit should serve as an excellent model for the study of basophil responses as these animals have a significant basophil component with few if any tissue mast cells which may be confused both morphologically and functionally with the basophil.
The role of the basophil in immunological and inflammatory reactions has been extensively studied by Dvorak and his co-workers (6, 7, 9, (10) (11) (12) (13) (14) (15) (16) (17) 24) . They have described a basophil component in antigen-induced inflammatory exudates (6, 13, (15) (16) (17) 24) , in graft rejection (7, 9) , in immunity to virus infections (14) , and in tumor rejection (12) . The antigen-induced basophil response noted at early time periods after specific immunization has been termed "cutaneous basophil hypersensitivity" (11) in contrast to the classical delayed-type hypersensitivity response, which is demonstrable in the same animal at later time intervals but which has no significant basophil component in the local cellular response (17) . These studies have all used the guinea pig system as an experimental model, although similar basophil responses have been reported in delayed-type skin reactions in humans (15, 16) .
Both guinea pigs and humans possess significant numbers of tissue mast cells in their loose connective tissue and skin (26) . The cytoplasmic granules of this mononuclear connective tissue cell resemble the granules of the blood basophil as to their content of histamine and acidic mucopolysaccharides, such as heparin (26) . It has been postulated that the biological function of the basophil and mast cell may be closely related and the two cell types may serve the same function in tissue (26) . Therefore, the significance of basophil activities in the guinea pig may be difficult to determine because of the mast cell component present in this animal.
Rabbits, on the other hand, have been reported to have few in any tissue mast cells, particularly in the skin, with significant numbers of circulating basophils (8, 26) . We have utilized the rabbit system to determine if this animal develops a cutaneous basophil hypersensitivity response similar to that described in guinea pigs.
As Staphylococcus aureus has been reported to induce a basophil response in humans by investigators utilizing the skin window technique (20) , the response of rabbits to this bacterium were investigated along with the basophil response to bovine serum albumin (BSA). A noticeable basophil response to S. aureus was observed in specifically immunized animals but not the same degree as the basophil response obtained when BSA was used as the antigen. Animals immunized against the staphylococcal strain used in this study were observed to have increased resistance levels against local challenge with viable staphylococcal cells. Whether or not the increased basophil response observed in these animals was involved has not been determined at the present time. A simple method of observing basophil infiltration into rabbit subcutaneous connective tissue is also described.
MATERIALS AND METHODS
Albino male rabbits weighing 2 to 3 kg were used throughout this study. Rabbits to be immunized with BSA were given one subcutaneous injection of 100 gg of BSA contained in Freund incomplete adjuvant (Difco), whereas control animals received adjuvant alone. Seven days after sensitization, immunized and control rabbits were challenged with 100 Ag of BSA contained in 0.1 ml of sterile pyrogen-free physiological saline injected intradermally.
The S. aureus strain used in this study was originally isolated from a rabbit abscess by Lloyd T.
Patterson of the University of Arkansas. The organism is a coagulase-and mannitol-positive coccus which is quite pathogenic for rabbits. The bacteria were grown in brain heart infusion broth overnight, centrifuged, and washed twice with saline. Organisms to be utilized for immunization purposes were heat inactivated by placing a cell suspension in a boiling-water bath for 30 min. Rabbits were immunized by one subcutaneous injection of 108 heatkilled staphylococcal cells contained in Freund incomplete adjuvant, whereas control animals received adjuvant alone. Seven days later both control and immunized animals were challenged intradermally by the injection of 107 viable bacterial cells contained in pyrogen-free physiological saline. Sera from all control and immunized animals were tested for antibody to staphylococcal cells by a standard tube agglutination assay using formalin-killed cells as the antigen.
At appropriate intervals after injection of either BSA or Staphylococcus cells, the injection site was excised and placed in 3% glutaraldehyde contained in 0.067 M cacodylate buffer with 1% sucrose at pH 7.3. Tissue samples were postfixed in 1% osmium tetroxide, dehydrated in graded ethanols, and embedded in Epon 812. Sections 1 to 2 ,um thick were cut for examination by light microscopy. These sections were stained with either 0.5% toluidine blue in borate buffer, pH 8.5, or with Giemsa by the method of Dvorak (13) . The infiltrating granulocytes present in the tissue sections were quantitated by the method of Dvorak (13) . Thin sections were cut from tissue blocks that had noticeable basophil infiltrates by light microscopy. These sections were picked up on copper grids, double stained with lead citrate and uranyl acetate, and examined in an Hitachi HS-8 electron microscope.
Connective tissue spreads were prepared from the loose connective tissue underlying the intradermal injection site of both the BSA and staphylococcalinjected rabbits. A 1-mm incision was made through the full thickness of the skin with a scalpel, and the loose connective tissue was teased from the underlying musculature by fine-toothed forceps, spread on a glass microscope, and rapidly air dried. The incision was then closed with 11-mm Michael wound clips. The incision usually healed within 7 days and the animal could thus be used for extended studies. The connective tissue spreads were stained either with May-Gruenwald Giemsa or with toluidine blue (18) for microscopic examination.
RESULTS
Animals immunized with 100 /ig of BSA contained in Freund incomplete adjuvant and challenged 7 days later with BSA exhibited slight erythematous areas with little or no induration at the site of the intradermal injections. These local reactions were evident 4 to 6 h after challenge, reached a maximum around 24 h, and essentially disappeared within 48 to 72 h.
Tissue samples taken from the injection site and embedded in Epon 812 were examined by light microscopy. It was evident that in the sensitized animals there was a marked infiltrate of blood basophils as seen in Fig. 1 . Heterophils (or neutrophils) are also present in these areas but the basophils are present in at least the same percentage as the heterophil population. The basophil designation of these infil- 15, 1977 copy as shown in Fig. 2 . These cells exhibit the typical morphology of a rabbit basophil as described by Wetzel et al. (33) with spherical or elongated cytoplasmic granules. Some granules were filled with finely particulate or filamentous material which may be due to a partial loss of granule contents. Differential leukocyte counts were done on all animals utilized, and the basophil counts ranged from 1 to 3% as expected (27) .
The cellular infiltrate into the rabbit skin after BSA injection was quantitated by the method of Dvorak (13), in which differential cell counts were performed on all infiltrating granulocytes in two randomly selected swaths of 100-Ium width taken vertically through the entire thickness of the dermis. Control animals challenged with BSA exhibited a typical inflammatory response with the heterophil component predominating with 97% heterophils at 24 h and 3% basophils at this time. The eosinophil component of any tissue section was usually less than 5%. In contrast, rabbits previously sensitized by BSA exhibited a marked basophil infiltrate as noted by a 38% basophil BASOPHIL RESPONSE IN RABBITS 307 infiltrate at 4 h and 56% by 24 h. It should also be noted that the granulocyte response in sensitized animals was more intense than in the control animals as evidenced by the larger number of infiltrating cells in the area counted.
The 48-h section contained essentially the same granulocyte component as did the 24-h samples.
As observing cellular infiltration into the skin involves removal of skin samples, fixation, (Fig. 3) . The basophil component of the infiltrate in control animals was only 0.4%, as seen in Table 2 . Sensitized animals again showed a significant basophil infiltrate at 24 h, however, as 45% of the granulocytes infiltrating the connective tissue were basophils by this time.
Another source of antigenic stimulation was investigated as to its ability to induce a state of basophil hypersensitivity. As Stadecker and Leskowitz (28) have reported that particulate antigens are efficient inducers of cutaneous basophil hypersensitivity (CBH) reaction in guinea pigs, a particulate antigen was chosen for the rabbit system under investigation. S. aureus was chosen and rabbits were sensitized INFECT. IMMUN. by the injection of heat-killed staphylococcal cells contained in Freund incomplete adjuvant. Seven days later the animals were challenged with viable cells. Basophils were evident in the skin sections obtained from the injection sites by both light and electron microscopy (Fig. 4) . The granulocyte response was greatly heightened, however, as compared to the response to BSA. When granulocyte infiltration was quantitated as before, control animals showed a 4 to 5% basophil infiltrate with a (Table 3) . Skin samples obtained from sensitized animals had an increased number of basophils present in terms ofboth total number and percentage of the total granulocyte count, but only 13% of the infiltrating cells were basophils by 24 h, as compared with the 56% figure obtained from the BSA system. Connective tissue spreads were also obtained from underneath the injection site and 500 cells per spread were counted as before. As seen in Table 4 24 and 48 h. It should be noted that by 96 h one of the three control animals had died as a result of the staphylococcal infection, whereas all of the six immunized animals were still healthy.
Sera obtained from all of the animals immediately before they were challenged with the staphylococcal cells by intradermal injection showed only base-line agglutination titers of 1:4 for both the control and specifically immunized animals. DISCUSSION
The findings of the current study indicate that a cutaneous basophil response can be elic- ited in rabbits. This cellular response appears to be the same as CBH described by Dvorak and his co-workers in guinea pigs (6, 7, 9, (10) (11) (12) (13) (14) (15) (16) (17) 24) .
Stadecker and Leskowitz (29) have demonstrated that a CBH response can occur only in animals that possess the genetic capability to respond to the antigen being used, and is apparently under T-cell control (10, 11) . Immunoglobulins apparently have no major role in CBH reactions as homocytotropic antibody has been reported to have no attractive activity for basophils (10) . Chemotactic factors elaborated by sensitized lymphocytes appear to be the main attractant for basophils in CBH reactions (10) . T cells recognize a specific antigen and release lymphokines which attract the basophils to the area. The specificity of the response resides in the T-cell population. Lymphocyteindependent mechanisms have also been reported for basophil attraction (1, 21, 31) , such as a C5 cleavage factor (21) . The ability to respond to attractants other than lymphokines gives the basophil more versatility and ability to interact in many types of reactions other than those mediated solely by T cells.
The specific role or function ofthe basophil in CBH reactions has not been conclusively determined at the present time. Basophils and tissue mast cells contain essentially the same components in their cytoplasmic granules, which give them their distinctive appearance. Acidic mucopolysaccharides, such as heparin, the vasoactive amine histamine, and various enzymes are present in the granules of both cell types (22, 26, 27, 32) . Thus, it has been postulated that the biological significance ofthese two different cell (26, 32) . In the guinea pig model used for the study of CBH, the presence of significant numbers of tissue mast cells, which are known to be present in guinea pigs (26) , could interfere with the study of a basophil infiltrate. This would not be a problem in rabbits as most investigators have reported that rabbits have few if any tissue mast cells (26) . There are reports in the literature concerning a possible rabbit mast cell (8) , but even these studies point out the scarcity of these cells, which may even be basophils that have infiltrated the area under study. The use of connective tissue spreads from rabbits should facilitate the study ofbasophil infiltrates in this animal as the method described in the current study allows one to visualize infiltrating cells without the requirement for extensive histological procedures. All of the cell types involved in such a cellular reaction either are present or may enter the loose connective tissue from the vascular system. Therefore, the interaction between fibroblasts, basophils, heterophils, lymphocytes, and macrophages can be easily studied by use of connective tissue spreads from the rabbit.
The basophil has been studied extensively by Higginbotham et al.,who implicated this polymorphonuclear leukocyte in resistance of rabbits to fibroma virus infections (19) and resistance of chicks to Rous sarcoma virus infections (3). Higginbotham suggested that the acidic mucopolysaccharide moiety of the basophil granule was responsible for the protective activity observed in his studies.
Heparin, an acidic mucopolysaccharide present in human mast cells and basophils (22, 26, 32) , was thought to be the polysaccharide present in the rabbit basophil granule. Recently, however, it has been reported that the major polysaccharide in the rabbit granule is chondroitin sulfate (30) . Polyanions such as heparin and chondroitin sulfate will inhibit the activity of numerous enzymes in vitro (2) . Thus, whether the granule of the basophil or mast cell contains heparin or another anionic polysaccharide, such as chondroitin sulfate, the biological activity may be the same. Basophils have a turnover in rabbits similar to other granulocytes with a half-life of 8 to 9 h (21) and thus could function as a readily mobilized source of these polysaccharides. Released basophil granules are phagocytized by monocytes and macrophages (4) and apparently are digested in a manner similar to the uptake of mast cell granules by fibroblasts and macrophages in connective tissue (5) . It has been suggested that the biological activity of mast cell granules is related to the ability of heparin to complex with the inactive and biologically active materials such as enzymes (5) , and the basophil granule could function in a like manner.
In the current study there was a noticeable increase in local resistance of rabbits to S. aureus. As there was no significant increase in the titer of agglutinating antibody in immunized animals as compared with control animals, it would be interesting to speculate that the observed local resistance was due to increased basophil activity. However, the system is too complex for such a statement as the increased inflammatory response noted in the immunized animals could have played a role. Also, specific antibody could be present in higher titer in the immunized animals even though it was not evident by the agglutination test carried out in the experiment. Sensitized T cells had to be present also to attract the basophils. Therefore, all of the above systems are probably involved and the role of the basophil is to interact with other cell types and humoral systems, possibly via its content of histamine and polysaccharide.
